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Abstract
This paper assesses several options for configuring the CO2 transport and storage chain. In the first 
part, various ways to configure transport infrastructure are compared in a qualitative manner. It is 
shown that while the large-scale transport options score much better in terms of cost-effectiveness, 
they are not likely to emerge in nascent CCS initiatives because of the high investments and risk 
involved. In the second part, it is shown that configuring a cost-effective transportation link is 
necessary when the most attractive storage fields are not located near the point sources of CO2. In 
the last section, two broad approaches towards rolling out a CCS infrastructure are outlined: the 
“push” approach in which infrastructure is oversized in anticipation of future volumes, and the 
“pull” approach whereby infrastructure is tailored for the assured CO2 flows. 
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1. Introduction
For any demonstration-scale or large scale Carbon Capture and Storage (CCS) project, developing a 
complete chain consisting of capture, transport and storage is a prerequisite. However, “sources” 
and “sinks” can be connected and configured in different ways, some of which may be more 
optimal than others. This paper qualitatively compares the several options for a typical country with 
both onshore and offshore storage locations. 
The first section of this paper will look at the options for CO2 transport and the advantages and 
disadvantages of the various options. The second section offers a broad categorization for different 
storage reservoirs. The third section explores different strategies towards establishing a transport 
and storage chain. 
2. CCS value chain and transport options
The typical CCS value chain consists of three parts: capture, transport and storage (see figure 1, 
next page). For this paper, it is assumed that a different (specialized) party is active in each of these 
parts. 
CO2 can be transported from the source to the sink by pipeline (onshore and offshore), ship 
(offshore) or truck (onshore). Because truck capacity is usually too small to cost-effectively 
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accommodate the volumes associated with industrial emissions [1], this paper focuses on transport 
by pipeline and ship only. 
Figure 1: The CCS value chain 
Broadly speaking, pipelines can be laid in point-to-point configuration, connecting one sink to one 
source, or as a (complex) network, connecting one or more sources to one or more sinks. Shipping 
is more flexible in terms of capacity and direction of flows [2], even though it needs a mooring 
point and a terminal, and can be up- or downscaled in a matter of days provided that there are 
enough ships and (un)loading facilities available. 
Figure 2: Transport infrastructure configurations 
3. Comparing different transport configurations
The main advantages of a point-to-point pipeline connection have to do with its simple nature. 
Firstly, it is often the most cost-effective option, which is important because cost control is crucial 
in the early phases of CCS development. Secondly, the straightforward nature of a point-to-point 
connection implies that it is relatively easy to manage capacity and flows. Thirdly, as long as the 
connected storage field is big enough, the point-to-point pipeline guarantees its owners a stable and 
low-risk source of returns for the lifetime of the pipeline. 
The disadvantages of a point-to-point connection are that it is inflexible in terms of scaling up or 
diverting CO2 streams. When bigger volumes of CO2 are expected in the future, its owners must 
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either oversize the initial pipeline and accept ullage in the first period, or lay a second pipeline in 
the future when flows increase and accept higher total capital expenditure (CAPEX). The choice 
between these two options will depend on the difference between the additional CAPEX required 
for oversizing and the (discounted) future CAPEX for a second pipeline. If the former is lower than 
the latter, oversizing is an attractive option and vice versa [3]. In any case, the high initial CAPEX 
associated with pipelines constitutes a risk when future flows are not guaranteed, which is the case 
with most current CCS initiatives. Also, connecting one source of CO2 with one reservoir makes the 
supply chain vulnerable to disruptions at the CO2 source or the injection site because flows cannot 
be redirected [4]. 
A large-scale network has the advantage of economies of scale. Because its pipelines can combine 
CO2 flows from different sources and direct them to various sinks, this network can both reap 
economies of scale and offer flexibility in terms of destination. It should be noted that this 
advantage is limited by pipeline diameters and injection rates at the respective storage locations. 
The large-scale network has the potential to offer better risk coverage against (minor) flow 
disruptions at CO2 sources or storage sites, because CO2 flows can be re-routed to other storage 
locations. 
The main disadvantage of the complex network is that it requires both high initial CAPEX and large 
CO2 flows to make the network cost-efficient. With the current state of the CCS industry in most 
countries, securing only one of these requirements will already prove to be very difficult. The 
aforementioned uncertainties surrounding CCS are not an attractive situation for high CAPEX 
commitments, while without the availability of ample transport and storage capacity the rationale 
for capturing high volumes of CO2 is also absent. Breaking this vicious cycle may require a 
concerted and strategy-driven investment approach. Another difficulty is that building a complex 
network also requires spatial clusters of emitters and suitable storage reservoirs. While clusters of 
emitters or suitable storage reservoirs may exist separately, they are usually not located within close 
distance to each other. 
Shipping has the advantage that it is relatively flexible in terms of volumes, distance and 
destination. Ships themselves can only accommodate a limited volume and cover the transport 
distance a limited amount of times per year, but the number of ships can be up- or downscaled 
almost overnight. Furthermore, ships will have a cost advantage over pipelines when distances 
between a capture and storage location are very large. The big disadvantage of shipping is that it is 
less cost-effective than a pipeline on shorter distances, and that it needs a mooring point and 
terminal to (un)load CO2. Shipping becomes less attractive when large volumes of CO2 have to be 
transported, and is only viable when storage reservoirs are located offshore. Lastly, the viability of 
shipping is influenced by weather conditions, and the impact of intermittent injection on a reservoir 
is also unsure. 
The first conclusion here is that large-scale complex networks are the most cost-effective transport 
option, but they face high initial investment costs and are complex to manage. The second 
conclusion is that while shipping has some advantages over point-to-point networks, very specific 
conditions will have to be met to make shipping an attractive transport option. The more cost-
effective options for the long run thus all have high costs and project risks in the early phase. 
Because of the uncertainties surrounding the industry, CCS projects in the startup phase are likely to 
opt for the lowest-risk transport option, such as the point-to-point configuration. 
4. Comparing of different storage options
From the previous section it follows that there are several options to transport CO2. However, when 
establishing a CCS chain, storage is an important part that determines the value chain. Broadly 
speaking, two aspects can be used to determine whether it is suitable for CO2 storage. Firstly, the 
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reservoir properties should be suitable. The exact definition of what constitutes to a suitable 
reservoir is out of the scope of this paper, but it entails for example permeability, porosity, cap rock 
characteristics and thickness, migration paths (faults), composition of residual gas (H2C content), 
environmental impact, and many other variables. Secondly, the distance to the point source should 
not be too large in order to avoid prohibitively high transport costs. The matrix with these 
characteristics is shown in figure 3. 
It is not surprising that closely located and suitable reservoirs will be preferable when establishing a 
CCS chain. However, in reality the “ideal” reservoir is never available, and the choice will often be 
between one or more reservoirs from the suboptimal categories “faraway but very suitable” and 
“close by but less suitable”. It is precisely in these situations that configuring a cost-effective 
transport chain can make a difference for a CCS project, because transport costs can have a big 
impact on total costs per unit of CO2 captured [5]. 
5. Strategies for configuring a transport and storage chain
In order to ensure that the captured CO2 volumes in a certain country or region are optimally stored 
in the available reservoirs, at least some sort of local and/or national strategy will be required. When 
starting CO2 capture and storage in a country or region, four broad approaches towards starting a 
transport and storage infrastructure can be taken. 
In the first scenario, one or more small-scale projects consisting of a capture location connected to a 
reservoir by a point-to-point pipeline are initiated. The pipelines are sized so as to cost-effectively 
transport the CO2 from its source to the storage field over the lifetime of the reservoir (i.e. the time 
it takes to fill up the reservoir). This configuration is associated with an approach to keep risks, 
investment costs and project scale as small as possible and is therefore suitable for demonstration 
projects. 
The second option consists of one or more capture and storage “chains” connected by oversized 
point-to-point pipelines. With this approach, capture can be easily scaled up over the lifetime of a 
project, if there is sufficient storage capacity. This approach aims for some economies of scale and 
Figure 3: Different characterizations of storage reservoirs 
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cost efficiency over the total lifetime of a project, but also requires certainty of future CO2 flows to 
be cost-effective. 
In the third scenario a small-scale network is established, either at the capture side (connecting two 
or more point sources to one storage field), at the storage side (connecting a CO2 source to two or 
more reservoirs) or both. In this scenario, shipping may be a viable option when offshore CO2
storage sites are involved. This approach requires higher initial investments and coordination 
between different parties, but it is likely to lower costs per metric ton of CO2 stored and it may also 
provide some flexibility in terms of volumes and storage site. This option is much riskier than the 
first two configurations, but could be viable in case a concerted, industry-wide strategy for large-
scale CCS is rolled out. 
The fourth option is to immediately build a complex network in which multiple point sources of 
CO2 are connected by pipelines or a shipping infrastructure to multiple “sinks”. This approach 
requires a high amount of initial investment and needs the guarantee of large volumes of CO2 to 
ever become cost-effective. However, if those flows do materialize, the complex network option is 
likely to reap economies of scale, provide more safety by allowing CO2 flows to be re-routed to 
other storage locations, and will allow for an optimal usage of a country’s storage space. This 
approach entails the biggest risk, as a large amount of (future) CO2 flows is needed to reap the 
benefits of this network. 
All four scenarios can be viable for countries or regions depending on the availability of both point 
sources and storage locations. Figure 4 summarizes the options and the mentioned approaches. 
When putting the factor time into the equation, it becomes apparent that two broad strategies are 
possible depending on the abundance of CO2 sources and sinks in a country or region. When large 
future volumes of captured CO2 are not (yet) assured or when suitable storage locations are scarce, 
a cautious, project-driven approach can be taken towards rolling out CCS. In case a CCS “industry” 
does develop later in time, the point-to-point routes will have to be sized up by laying a second 
pipeline depending on the demand for transport and storage capacity. This approach is not the most 
cost-efficient over a longer period of time, but it does keep risks as low as possible and prevents 
losses from ullage. These options can be classified as a “pull” approach where the supply of 
transport and storage capacity is determined by the demand for capacity. 
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Figure 4: Strategy-driven infrastructure configurations 
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When large volumes of CO2 are expected from the outset, or when an optimal use of a country’s 
storage potential is required over the longer term, a strategy-driven infrastructure can be devised. 
This approach starts from the “end situation” of a large-scale CCS industry, and configures the 
optimal infrastructure from that point of view. It is likely that this will lead to some overcapacity in 
the early stage of the infrastructure, but the efficiency losses of ullage are made up by efficiency 
gains in a later stage. Because a large amount of transport and storage capacity is supplied from the 
outset, it is made easier for emitters to start capturing their CO2 and put it into the network. The 
strategy-driven and the supply-driven infrastructure configurations are examples of a “push” 
approach in which a large amount of capacity is made available with the expectation that demand 
for it will follow. This configuration is also possible in the event that a “public good” approach is 
chosen as a national CCS strategy, which means that the government decides to take charge of the 
collection and storage of CO2 and undertakes a large-scale investment programme to supply the 
necessary infrastructure. 
It should be noted that both approaches have their “lock-in” effects: a small-scale network cannot 
easily be turned into a set of oversized point-to-point pipelines, and it may prove equally difficult to 
turn the small-scale point-to-point connections of one or more CCS demonstration projects into a 
large-scale complex network. 
6. Conclusions 
This paper has outlined several options for configuring transport and storage. Firstly, it was shown 
that while large-scale networks, and - under certain conditions - shipping, are the most cost-efficient 
transport configurations, projects in a nascent CCS industry are likely to have a point-to-point 
transport connection. Secondly, devising a cost-effective CO2 transport connection is crucial to 
make optimal use of a country or region’s storage potential. Thirdly, for both a demonstration-scale 
and a large-scale CCS scenario, there are two broad approaches to configure transport and storage. 
The first two strategies take a “pull” approach, in which the infrastructure configuration follows the 
demand for capacity. The other two strategies take a “push” approach, in which the transport and 
storage capacity is oversupplied in order to stimulate demand for it. The desirability of either 
approach depends on the government’s and the industry’s vision on the role for CCS in combating 
the adverse effects of climate change. 
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